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Abstract

The time-space structures of long-term trends and the decadal-scale variations of seasonal temperature
and precipitation over China and Mongolia are investigated by using the 5-year moving averaged data
from 1951 to 1990. An empirical orthogonal function (EOF) technique is applied to seasonal temperature
and precipitation. The changes of atmospheric circulation patterns with these trends, and long-term
fluctuations are deduced by using 500 hPa height and surface pressure fields. The correspondence of these
components with the Northern Hemispheric surface air temperature (NHT) is examined.

The increasing linear trend in the annual mean temperature is remarkable, especially in the northern
part of China and Mongolia, while the decreasing trend is conspicuous in the area from Sichuan to Yunnan
Province. The increasing trend in the annual mean temperature is due mostly to the anomalies in winter
and spring. These trends in winter temperature are directly related to the decadal-scale change of the loca-
tions of Siberian High and mid-tropospheric trough over Eurasia, and are associated with the hemispheric
circulation changes.

The annual precipitation, in contrast, does not show a clear linear trend over the whole of China except
in the southern part of China, where a significant increasing trend is noted. Summer precipitation shows a
remarkable decadal-scale fluctuation in the first two dominant EOF modes. The first EOF represents the
increasing trend in the middle and northwest part of China, while the second EOF represents the oscillation
between the southern part of China and the rest of the country, which is closely related to the summertime
NHT.

1. Introduction (less than a few years) oscillation. Recently Nitta
and Yoshimura (1993) examined inter-decadal tem-
perature variations for the near-global and regional-
scale domains. They showed that the tempera-
ture has inter-decadal variabilities, with the largest
warming for the recent 20 years, but with a cooling
trend during 1940-1970. However, the associations
of these global or hemispheric temperature trends
and decadal-scale oscillation with regional climate
change are still not clear. Bradley et al. (1987)
showed that the time series of seasonal mean sur-
face air temperature averaged over China is highly
correlated with the hemispheric-mean temperature,
especially in the long-term variation, though time-
space characteristics of seasonal temperature fluctu-
ation were not considered in their paper.

There have been, so far, a considerable num-
ber of studies of the inter-annual climatic varia-

Recently, global or hemispheric-scale climatic
variations have become a matter of great concern,
particularly associated with the “global warming”
issue. IPCC (1990,1992) concluded that the global-
mean surface air temperature has increased by 0.3°C
to 0.6°C over the last 100 years. They summarized
that there is a natural greenhouse effect which al-
ready keeps the Earth warmer than it would other-
wise be, however, it is still not possible to attribute,
with high confidence, all or even a large part of
the observed global warming to the enhanced green-
house effect. Actually, the global-averaged surface
air temperature has not increased constantly, as the
concentration of greenhouse gases (e.g., carbon diox-
ide) has. The global-averaged surface air tempera-
ture shows some decadal-scale variation rather than

a constant increase, even after removing short-term
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tions in China, particularly associated with the El
Nifio/Southern Oscillation (ENSO). However, few
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Fig. 1. Geographical distribution of the observation stations.

Dots show all 185 stations, and large

circles are the selected 71 stations for EOF analysis. Note Tooroi (44.93°N, 96.77°E) is missing in

precipitation data.

studies have been devoted to the decadal-scale vari-
ations in China during the recent several decades.
The studies by Li et al. (1990), Chen et al. (1991),
Chen et al. (1992) and Huang (1992) have shown
some different spatial patterns for each decade.
Chen et al. (1991), for example, reported the precip-
itation in the most parts of China has decreased, es-
pecially in North and Northwest China, where a se-
rious desertification has been progressing. Since the
precipitation decrease must be one of the cause of
desertification, it is necessary to evaluate the trend
and decadal-scale fluctuations over a broader area
including the adjacent countries. Identifying these
fluctuations and their relations to large-scale atmo-
spheric circulation is essential for a better under-
standing of the mechanism of desertification.

This study aims to examine the time-space struc-
tures of the long-term linear trend and the decadal-
scale fluctuations of seasonal mean temperature
and precipitation over China and Mongolia and
the inter-relation between these two climatic vari-
ables. The atmospheric circulation patterns associ-
ated with these fluctuations are also discussed. The
relation between some major patterns recognized in
temperature and precipitation fields and the North-
ern Hemispheric surface air temperature (NHT) is
additionally described.

The linear trends of annual and seasonal mean
temperature and precipitation are described in Sec-
tion 3. The decadal-scale fluctuations of temper-
ature which derived from the empirical orthogonal

function (EOF) analysis and their relations to the
atmospheric circulation and NHT are discussed in
Section 4. A similar analysis for precipitation is
presented in Section 5. A summary with concluding
remarks follows in Section 6.

2. Data and method of analysis

The main data set for this study comprises the
monthly precipitation and mean temperature data
of 160 stations in China (compiled by the State Me-
teorological Administration of China) and 25 sta-
tions (23 stations for precipitation) in Mongolia.
The locations of the stations are shown in Fig. 1.
These data cover 40 years, from 1951 to 1990, al-
though 26 stations’ data are from 1953 or 1954.
Seasonal data are rearranged by averaging (temper-
ature) or summing (precipitation) the data of three
months of each season (e.g., DJF, MAM, JJA and
SON).

First of all, we fitted a linear trend to annual
or seasonal temperature and precipitation data and
tested their statistical significance. Secondly, to ex-
amine the time-space structure of the decadal-scale
variation of temperature and precipitation, the em-
pirical orthogonal function (EOF) analysis is applied
to the 5-year moving averaged seasonal time series.
Since the 185 stations shown in dots in Fig. 1 are
not distributed uniformly, the 71 stations, which are
available from 1951, are selected to deduce the domi-
nant spatial pattern in applying EOF analysis (large
circles in Fig. 1).
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Fig. 2. Linear trend of (a) annual, (b) winter, (c) spring and (d) summer mean surface air tempera-
tures in 1951-1990 (°C/decade). Shaded and hatched area show temperature warming more than
0.2°C/decade and cooling less than —0.2°C/decade, respectively. Black and open circles are signif-
icant at the 1 % level, while triangles are the same of 5 % level. Contours are every 0.2°C/decade,
with cooling region (negative values) are shown with dashed lines and open marks.

The monthly mean sea level pressure (SLP) used to examine the atmospheric circulation field.
and 500 hPa geopotential height on a 10°longi- 5-year moving averaged seasonal anomalies are com-
tude/latitude grid in the Northern Hemisphere, puted from these data sets, with which up to
compiled by the Japan Meteorological Agency, are decadal-scale atmospheric circulation patterns are
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Fig. 2. (Continued)

constructed to compare with the decadal-scale com-
ponents of temperature and precipitation.

The Northern Hemispheric land-based surface
mean air temperature data set (hereafter referred
to as NHT) adopted from Jones et al. (1986)
and updated to 1990 is also used. These data are
also arranged into 5-year moving averaged seasonal
anomaly data.

3. Linear trends of annual and seasonal mean
temperature and precipitation

3.1 Temperature

Figure 2a shows the distribution of linear trend
in the annual mean temperature from 1951 to 1990.
Many stations except Central China show remark-
able trends exceeding significant levels. An in-
creasing trend is notable, especially in Mongolia,
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(a) Annual Precipitation Trend mm/decade
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Fig. 3. Linear trend of (a) annual, (b) spring and (c) summer precipitations over the period 1951-1990.
Shaded (hatched) area shows precipitation increasing (decreasing) more (less) than 25 mm/decade
(—25 mm/decade). The contour interval is 25 mm/decade with negative anomalies dashed. Others

are the same as Fig. 2.

Northeast China and Nei Mongol (0.4°C/decade),
whereas a decreasing trend is conspicuous in South-
west China (—0.2°C/decade). This pattern over
China is consistent with the distribution of annual
mean temperature difference between the 1980s and

the 1950s over China (e.g., Li et al., 1990; Chen et
al., 1991, 1992). The remarkable warming trend pat-
tern extends from Northeast and Northwest China,
which seems to be a part of the warming area in
the recent decade (1980s) centered over the north-
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(c) Summer Precipitation Trend
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Fig. 3. (Continued)

ern and central Eurasia (IPCC, 1990, 1992; Jones
and Briffa, 1992).

Figure 2b depicts the linear trend of temperature
in winter. The spatial pattern is similar to that of
the annual mean temperature (Fig. 2a), but shows
a little more complicated feature with large values,
especially in Northwest China and Mongolia. The
largest increasing trend is apparent to the north of
Tianshan Mountains and northeast part of Mongo-
lia with the value exceeding 0.8°C/decade. Most
of the stations indicate significant increasing trend
to the north of 35°N, while South and Southwest
China exhibit decreasing trends, which do not ex-
ceed significant levels, except in the northern part
of Yunnan Province.

In spring (Fig. 2c¢), the overall pattern resembles
those of the annual mean (Fig. 2a) and winter (Fig.
2b). In winter, the boundary between the cooling
and the warming areas lies zonally along 35°N, but
in spring it lies from NW to SE. Namely, clear warm-
ing trends are seen over Mongolia, North, North-
east China and the northeast part of Central China
(Anhui and Jiangsu Province), while large signifi-
cant cooling trends are seen around the periphery
of the Tibetan Plateau (the south part of Xinjiang,
Gansu, Shaanxi, Sichuan and Yunnan Provinces).
The coastal area of South China (Fujian) also shows
cooling trends. The largest increasing trend is ob-
served in Northeast China with the value exceed-
ing 0.6°C/decade. The large decreasing trends over
Sichuan and Yunnan seem to be responsible for the
same trend in the annual mean trend (Fig. 2a). The

warming trend is weak to the north of Tianshan
Mountains and a weak cooling trend is seen in the
Tarim Basin.

In the summer season (Fig. 2d), the spatial pat-
tern of trend is quite different from those of the an-
nual mean and winter. A decreasing trend is signif-
icant in the extended area from the Tarim Basin to
Central China and parts of Mongolia. In other areas

— to the north and the south of this area — warm-
ing trends are seen, though these are not obvious,
except in South China. The distribution pattern of
summer temperature trends is consistent with that
of difference between the 1980s and 1950s, as shown
by Chen et al. (1991).

The linear trends are generally not clear in au-
tumn (not shown). Significant increasing trends are
seen in Mongolia and North China, whereas a weak
decreasing trend is located at nearly the same region
as for the annual temperature.

The remarkable increasing trends to the north of
40°N, especially in the annual mean, winter and
spring, are generally consistent with the results from
the hemispheric data (e.g., IPCC, 1990, 1992; Jones
and Briffa, 1992). The remarkable warming trend
over China and Mongolia in winter and spring as
presented here contributes partly to the hemispheric
warming in recent years.

3.2 Precipitation

Figure 3a shows the linear trend of annual precipi-
tation over China and Mongolia. The overall pattern
is more complicated and less significant than that of
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the temperature field. An large increasing trend is
found in South China, particularly over the Leizhou
Peninsula, while a narrow belt of an increasing trend
is seen in the middle Yangtze River Basin. The arid
region to the north of the Tibetan Plateau shows
some increasing trend, though it is not statistically
significant. Other regions generally show a decreas-
ing trend with the centers in North China and in
Southwest China. The overall pattern is consistent
with the pattern of the annual precipitation differ-
ence between 1980s and 1950s, deduced by Chen et
al. (1991, 1992).

In most parts of China and Mongolia, precipita-
tion is dominant in summer. However, in the south-
east part of China precipitation is prevalent more
in spring than in summer, and, in Northwest China,
the proportion of spring precipitation is compara-
ble to that of summer (Yoshino and Chiba, 1984).
In any case, since the total of spring and summer
precipitation accounts for more than 70 % of the
annual total in all parts of China and Mongolia, we
will focus only on the summer and spring precipita-
tion trends.

In spring (Fig. 3b), a remarkable increasing trend
is noted in the coastal area of South China, whereas
a significant decreasing trend dominateds in the
middle and lower Yangtze Basin (Hunan, Jianxi
and Zhejiang Province). Since most of precipitation
takes place in spring in these areas, the annual pre-
cipitation is basically controlled by the features in
spring. The coupled pattern of increase in the South
and decrease in the southern part of Central China
is likely to be related to the temperature trends (Fig.
2c¢), which show a clear cooling trend in the South
and weak warming around Hunan, Jianxi and Zhe-
jiang. This precipitation is likely to be related to the
change in the seasonal march of the Meiyu Frontal
Zone (i.e., seasonal delay or less northward migra-
tion), which has brought more rain to South China
in recent years. These trends in South China exert
the same trend on the annual precipitation trend.
Mongolia does not have so much precipitation in
spring, but some stations show a significant decreas-
ing trend.

The pattern of precipitation trend in summer
(Fig. 3c) resembles, as a whole, that of the annual
pattern (Fig. 3a). This pattern is generally nega-
tively correlated with that of the temperature trend
in the same season, though the decreasing (increas-
ing) precipitation (temperature) trend over Yangtze
River distributes more narrowly (widely). Some pre-
vious studies have already noted significant nega-
tive correlation between temperature and precipita-
tion in most part of China (Huang, 1991; Wang and
Zhang, 1992). Wang and Zhang (1992), for example,
pointed out that the correlation between the tem-
perature and number of precipitation days in Beijing
in summer is presumably due to two factors: (1) the
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cloudy sky in a rainy day reduces direct solar radia-
tion; and (2) the continuous rain is often caused by
the invasion of cold air masses. Another possibility
may be that much more evaporation after precipita-
tion causes the cooling by suppressing sensible heat
flux at the surface. Further investigation should be
made of the relation between precipitation and tem-
perature.

A significant trend is noted in one region from
Southwest China to South China, and another in
Northeast China which contain statistically signif-
icant stations. Increasing trends are widely dis-
tributed from the Taklimakan Desert to the middle
and lower parts of the Yangtze River. It is worth-
while to note that the arid and semi-arid region to
the east of 105°E generally exhibits a decreasing
trend in North China and Mongolia. The Leizhou
Peninsula shows an increasing trend, though not sig-
nificant.

4. Principal EOF modes of temperature and
circulation in winter

In order to examine the time-space structure of
the decadal-scale fluctuations, we applied the EOF
analysis to the 5-year moving averaged seasonal tem-
perature anomalies. Since the annual mean temper-
ature trend is largely affected by those of winter and
spring, as is shown in Section 3, we will focus only
on the winter temperature. The major EOFs are
also correlated to 500 hPa height, SLP anomalies,
and NHTs.

4.1 Principal modes of temperature in winter

A correlation matrix is used for computing the
eigenvalues and eigenvectors of EOFs. The vari-
ances and cumulative variances of the first five EOFs
for winter temperature anomalies are presented in
Table 1. Since the first two components explain
66.3 % of the total variances, we feature these two
components. The spatial patterns and time coefhi-
cients of the first two EOFs have been plotted in
Fig. 4.

The first EOF shares more than 50 % of the total
variance, which represents the major temperature
fluctuation over China and Mongolia. This spatial
pattern (Fig. 4a) represents the simultaneous tem-
perature fluctuation over most part of the analy-
sis area, except the Tibetan Plateau and Southwest

Table 1. The variances and cumulative vari-
ances of the first five EOFs of winter
temperature.

| Component [ 1 [ 2 [ 3 [ 4 [ 5 |
Variance (%) || 51.3 [ 15,0 | 9.2 | 6.8 | 6.4
Cumulative

Variance (%) || 51.3 | 66.3 | 75.5 | 82.3 | 88.7
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Fig. 4. Eigenvector patterns and time coefficients of the first two EOFs of winter temperature. (a) (b)
the 1st component, (c) (d) the 2nd component. (a) Dots show the 71 stations applied to the EOF
analysis. Shaded area indicates the eigenvector exceeds 0.1. The contour interval is 0.05, but the
0.125 contour is also drawn additionally by thin line. (b) Scores are standardized. (c) Same as (a),
but the contour interval is 0.1 with negative anomalies dashed. The hatched area shows the negative

eigenvector below —0.1.

China. The time sequence of the coefficient (Fig.
4b) shows a decadal-scale periodic fluctuation with
the two peaks in the beginning of the 1960s, the be-
ginning of the 1980s, and with a maximum in the
late 1980s. A slightly increasing linear trend is also
discernible.

The same figures, but for the second component,
are mapped in Fig. 4c and 4d. The second compo-
nent accounts for 15 % of the total variance. This
pattern represents a dipole-like oscillation; South
and Southwest China have high positive eigenvec-
tors while Northwest, Northeast China and Mongo-
lia show high negative values. This dipole pattern

corresponds to that of the linear trend of change in
winter temperature (Fig. 2a), yet eigenvectors are
very high over South and Southwest China and not
so high around Central China and Nei Mongol. So
we can say though the variance of EOF 2 is much
smaller than EOF 1, it is very important to recent
decadal scale oscillation of East Asia. In fact, the
score of EOF 2 shows a large decrease in the first
several years (mid 1950s) and early 1980s, while the
long term variation in 1960s and 1970s is relatively
small. As the anomalies of the first and last decade
are essential to the decadal-scale of this mode, the
linear trend pattern (Fig. 2b) corresponds well with
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(c) Winter Temperature EOF 2
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Fig. 4. (Continued)

that of the winter temperature difference between
the 1980s and 1950s of the previous studies (Li et
al., 1990; Chen et al., 1991, 1992).

These two modes seem to be closely related to
the patterns of cold-wave propagation over China,
discussed by Yasunari and Tian (1990). They cal-
culated EOFs for the monthly mean surface tem-
perature anomaly for the winter months of a 28
year period (1959-1986) to investigate the dominant
time-space structure of cold surges affecting Yun-
nan Province and the whole of China. Interestingly,
two dominant eigenvectors derived here show simi-
lar patterns for the monthly temperature in winter
described in their paper. The original data sets used
in their study are basically the same in China, ex-
cept for the period. They pointed out that the sec-
ond component used in their analysis, which is basi-
cally same as our second component, represents the

mode of cold surges dominantly affecting the whole
Yunnan Province, and called it the Yunnan-mode.
Their first component is related to the temperature
anomaly over the whole of the Chinese Plain, and
is called the Plain mode. It is therefore conjec-
tured that the two modes drawn out here represent
the decadal-scale changes of the cold surge intrusion
patterns over China, which in turn strongly affect
the winter temperature patterns over China.

4.2 Atmospheric circulation patterns associated with
the winter temperature EQOFs

The atmospheric circulation patterns related to
the above two major modes of winter tempera-
ture are presented by computing the no-lag corre-
lation coefficients between the time coefficients of
the EOF's and the 500 hPa height and SLP anoma-
lies of the corresponding season over the Northern
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Fig. 5. Correlation coefficients between time coefficient of the first component and (a) the 500 hPa
height and (b) SLP anomalies in winter temperature. The contour interval is 0.2 with negative
values dashed. (c) (d) are same as (a) (b), but for the second component.

Hemisphere. The correlation patterns between each
component and the 500 hPa height or SLP have been
mapped in Fig. 5 ((a) EOF 1 and the 500 hPa height
and (b) EOF 1 and SLP (c) EOF 2 and the 500 hPa
height (d) EOF 2 and SLP).

In Fig. 5a, a strong dipole pattern can be seen
over the Eurasian Continent, which was labeled as
the NA (Northern Asian) pattern by Barnstern and
Livezey (1987), and the ANA (Arctic and North
Asia) pattern by Yasunari and Seki (1992). This
pattern suggests that when the first component of
winter temperature anomaly is positive, the height

anomaly over the northern periphery of the conti-
nent is negative, and that around Mongolia and the
northern part of China is positive. This mode ex-
plains that when the winter temperature over the
most part of China and Mongolia is relatively high,
the pressure gradient over Siberia (40-60°N) is rel-
atively large and the strong upper westerly jet pre-
vails to the north of China (high index-type circu-
lation). In this case, the negative area around 60°E
over central Asia extends southward, which implies
that the trough there is relatively strong when the
temperature of whole of study area is warm. An-
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Fig. 6. Northern Hemispheric annual, winter and summer mean air temperatures. 5-year running meaned
to the Jones original datasets. Thick and thin lines are annual and summer series, and dashed line

for winter.

other notable feature is seen from the Pacific Ocean
to the Atlantic through North America, which has
been called the Pacific/North American (PNA) pat-
tern (Wallace and Gutzler, 1981).

The correlation pattern with SLP (Fig. 5b) is
similar to that of the 500 hPa anomalies, but no
distinct positive correlation is apparent over and
around Mongolia. The large negative correlation
coefficient is noticeable over central Siberia, which
suggests that the SLP is relatively low (the Siberian
high is relatively weak) when the temperature in the
whole of China and Mongolia is relatively high. The
total feature over the North Atlantic Ocean and the
northwestern part of North America is similar to
that of the 500 hPa (Fig. 5a).

These two correlation patterns suggest that the
first component of winter temperature over China. is
directly linked to the hemispheric circulation change
with the high (or low) index atmospheric circula-
tion over the whole of the Eurasian Continent com-
bined with low (or high) index over the Atlantic
and North America including the change of PNA
pattern. The correlation patterns at 500 hPa and
SLP suggests that the anomaly circulation field over
Eurasia (ANA pattern) has a baroclinic structure,
while barotropic structure is fundamental for the
North America/North Pacific (PNA pattern).

In contrast, the second component is more
strongly associated with the change of the regional
circulation pattern over East Asia through the Pa-
cific sector (Fig. 5¢ and 5d). The high correlation,
either positive or negative, are distributed both at
the 500 hPa and SLP fields mainly over Eurasia and
the North Pacific. Over the Eurasian Continent, at
500 hPa (Fig. 5¢) a center of significant negative cor-
relation is located over Lake Baikal, which implies
that the geopotential height there has been becom-
ing higher in recent years. As for the SLP correlation

pattern (Fig. 5d), the negative correlation is domi-
nant along the northern and eastern peripheries of
the Tibetan Plateau, which suggests that the cold
air intrusion in this area has intensified locally in the
recent years, and as a result it has become colder in
South and Southwest China. This result is consis-
tent with Fig. 2b and Fig. 4c, showing the cooling
trend in the South and Southwest China in recent
years.

Recently, strong intensification of the Aleutian
lows during 1977-1986 (1977-1988) has been noted
(Kashiwabara, 1987; Trenberth, 1990 etc.) as part
of the decadal-scale variations or “climatic jump”
in winter. Nitta and Yamada (1989) noted that
the polarity of the PNA pattern during winter has
changed considerably between the period of 1977-
86 and 1967-76, and that this change may be as-
sociated with tropical heat sources enhanced by the
recent warming of the tropical SSTs.

The High negative/positive correlation seen over
the Pacific Ocean to the north of 30°N in Fig. 5a—-5d
does not contradict with the recent lowering trend
of Alleutian low and polarity change. However,
the timing of changing signal of the two modes de-
duced here are not consistent timing with the abrupt
change in 1977.

4.3 Relationship of the two modes to the hemi-
spheric temperature

To investigate the relationship between the two
major components of winter temperature EOFs
over China and the hemispheric winter temperature
change, the simultaneous correlation is computed
between the first two winter temperature EOFs and
the 5-year moving averaged NHT for the period of
1953-1988. The time series of NHT of annual, win-
ter and summer are shown in Fig. 6. The stan-
dard deviation of NHT is the greatest in winter
and the least in summer. While, taking the correla-
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tions between the annual NHT and monthly NHT,
the correlations are the greatest during the sum-
mer months and weak in winter (Jones and Briffa,
1992). The correlation between the first component
deduced here and the wintertime NHT are stronger
than that of the second component (0.57 and —0.14,
respectively). The three maximum of EOF 1 match
with that of NHT winter. However tendency is dif-
ferent in 1965-1978. The strong warming trend of
the northern part of this study area in winter (and
spring) affect the annual trend pattern as shown in
subsection 3.2, however, the dominant decadal-scale
modes of study area does not show a high correlation
with winter NHT.

5. Principal EOF modes of precipitation,
temperature and circulation in summer

As we have elucidated, the variation of summer
precipitation contributes most to that of the annual
precipitation. We, therefore, focus on the time-space
structure of decadal-scale variation in the summer
precipitation. In order to examine the relation-
ship between the principal modes of summer pre-
cipitation and that of summer temperature, we also
applied EOF analysis to the temperature in sum-
mer. Therefore we can compare the dominant modes
of temperature and precipitation in summer over
China and Mongolia with the summertime NHT. At-
mospheric circulation patterns associated with these
fluctuation are also discussed.

5.1 Principal modes of precipitation in summer
The variance of leading EOFs derived from sum-
mer precipitation is listed in Table 2. The propor-
tion of the major components of summer precipita-
tion are not so large as those of winter temperature.
Figure 7 shows (a) the eigenvector pattern and (b)
time coefficients of the first component, and (c) (d)
similarly for the second component. The first EOF
pattern appears to be similar to that of the linear
trend (Fig. 3c). The trend pattern was emphasized
over the area of large precipitation. However, the
eigenvector pattern represents well the spatial vari-
ation of the anomaly, even in arid and semi-arid re-
gions, by utilizing correlation matrix and the uni-
formly located variables (stations) shown by dots in
Fig. 7a. A large negative area is dominant in North-
west and Central China. Two positive areas are seen
in Mongolia to North China, and South and South-
west China. Taking account of the time coefficients
(Fig. 7b), these positive (negative) areas correspond
to the areas where the summer precipitation shows a
decreasing (increasing) trend. The time series (Fig.
7b) generally shows, in fact, a decreasing trend, with
a maximum and a minimum around 1960 and 1982,
respectively. The decadal-scale periodic oscillation
of this mode seems to be vague in this time series.
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Table 2. The variances and cumulative vari-
ances of the first five EOFs of summer

precipitation.

[Component | 1 [ 2 [ 3 ] 4 [ 5 |
Variance (%) || 21.3 { 17.8 | 13.7 | 9.7 | 8.3
Cumulative
Variance (%) || 21.3 | 39.1 | 52.8 | 62.5 | 70.8

In the arid and semi-arid region of China, a con-
trasting eigenvector opposite pattern with negative
(positive) to the west (east) of 105°E is noticeable.
The polarity in Northwest China (around Takli-
makan Desert) is of the same phase as that of Cen-
tral China (Yangtze River Basin), whereas the vari-
ation in Nei Mongol and North China is of the same
phase as that of Mongolia and South and Southwest
China.

This spatial pattern closely resembles one of
the figures of Wang and Zhao (1981), which was
derived from summer precipitation EOF analysis
using non-filtered instrumental data (1951-1974).
This three-belt eigenvector (according to Wang and
Zhao, 1981) is also deduced from the historical
drought/flood data from 1450, though it covers the
east of 100°E. The three-belt pattern over east-
ern part of China was also found in Tian and Ya-
sunari (1992), though the pattern is different to the
west of 105°E. They applied EOF analysis to 2-4
year period summer rainfall (May to September) se-
ries. The filtering period of their and our analysis
are completely different and the months calculating
summer precipitation are also different. However it
is safely to say that this three belt pattern is very
common in the summer precipitation variation.

Figures 7c and 7d show the eigenvector pattern
and time coefficients of the second component, re-
spectively. The eigenvector pattern of the second
EOF is a little more complicated than the first EOF.
Positive values are apparent to middle and lower
reaches of Yangtze River, the Northeast China and
to the north of the Tianshan Mountains, whereas
negative values are seen over Taklimakan Desert and
South China. The time series show a decadal-scale
variability, with negative extreme scores in 1970’s.

5.2 The contribution of June, July and August pre-
cipitation to the dominants mode of summer
precipitation

Though traditional climatological seasons have
been used to compare with other results, the sea-
sonal as well as inter-annual atmospheric circulation
changes largely in June, July and August around

East Asia. To assess the reliability of these two

modes (SMR EOFs) and the contribution of each

summer month, the anomalies for all the summer
months (i.e., 36 x 3 months for each station) are
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Fig. 7. Eigenvector patterns and time coefficients of the first two EOF's of summer precipitation. (a) The
eigenvector pattern of EOF 1. Dots show the 70 stations used for the EOF analysis. The contour
interval is 0.1 with negative values dashed. Shaded (hatched) areas indicate eigenvector exceeds
(below) 0.1 (—0.1). (b) Scores are standardized. (c) (d) are the same with (a) (b), but for the EOF

2.

subjected to the EOF analysis (S-JJA EOFs).

The identical eigenvector patterns with SMR
EOFs were obtained in the first two S-JJA EOFs,
but their order is reversed. The variances of the two
EOFs are 11.2 % and 10.6 %, respectively. They are
relatively small compared to those of SMR EOF,
which may be due to the sample size (of 3 times
in number) and month-to-month difference in the
S-JJA EOF analysis. We could identify that the
SMR EOF 1 is fundamentally the same as the S-
JJA EOF 2, though the eigenvectors and the scores
are reversed in sign. Figure 8 depicts the scores
of (a) S-JJA EOF 2 for SMR EOF 1, and (b) S-
JJA EOF 1 for SMR EOF 2. In the S-JJA EQF 2

(Fig. 8a), the scores of June and July change nearly
synchronously, except in the late 1960s. This figure
shows that the variation in July and June contribute
mostly to the SMR EOF 1 (the three belt pattern),
and the correlation between each score of the S-JJA
EOF 2 (June, July and August) and the SMR EOF
1is —0.88, —0.92 and —0.35, respectively. In the S-
JJA EOF 1 (Fig. 8b), on the contrary, the scores of
August and July change in phase, but that of June
shows a different feature, especially in 1960s and
around 1980. The correlation between each score
of the S-JJA EOF 1 and the SMR EOF 2 is 0.38,
0.60 and 0.79, respectively. So we may conclude the
decadal-scale variations in July and June contribute
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(C) Summer Precipitation EOF 2
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Fig. 7. (Continued)

most to the SMR EOF 1 (Fig. 7b), while August
and July contribute most to the SMR EOF 2 (Fig.
7d).

5.3 Relationship to temperature change over China
and NHT in summer

To examine the relationship between the domi-
nant EOFs of summer temperature and simultane-
ous precipitation, the EOF analysis is also applied to
the mean summer temperature, as shown in Fig. 9.
The first and second EOF share 30.0 % and 18.6 %
of the total variance, respectively, which is larger
than that of precipitation (Table 3). The first two
modes of summer temperatures (Fig. 9a, 9¢) show
similar patterns to those of precipitation (Fig. 7a,
7c), but with reversed signs of eigenvectors. Fur-
thermore, the scores of each component (thick line)
shows simultaneous variation with that of precip-

itation (shown in Fig. 7b, 7d in dashed line) in
the same sign. These results imply that there are
strong negative correlations between the tempera-
ture and precipitation, both in the first two compo-
nents. The correlation coefficients between temper-
ature and precipitation scores are 0.87 for EOF 1
and 0.60 for EOF 2, respectively.

The pattern of the first EOFs in temperature is
also very similar to that of the linear trend (Fig. 2d).
The score (Fig. 9b) shows a decreasing trend, which
means Central China and Taklimakan Desert have
been cooling, and so on.

The correlation between the second component of
temperature and precipitation in summer is 0.60,
which is not so high as that of the first compo-
nent (0.87). This was caused by the different score
from the late 1950s to early 1960s. The eigenvec-
tor pattern of the second component of tempera-
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Fig. 8. Scores of the S-JJA EOFs (a) for the second component and (b) the first component. In (a) the
Y-axis is upside-down to compare with the score of the SMR EOF 1 (Fig. 7b). (b) corresponds to
Fig. 7d. The crosses indicates June, and black and white circles mean July and August, respectively.

ture (Fig. 9c) resembles, as a whole, that of pre-
cipitation (Fig. 7c). The NHT in summer changes
simultaneously with the second score of tempera-
ture EOF. Hence this mode explains the strong re-
lationship with NHT, and most part of China have
positive eigenvectors. The correlation pattern be-
tween NHT and summer temperature of each sta-
tion (not shown) are very similar to Fig. 9c. Namely,
large strong positive correlation spreads over South,
Southwest and Northeast China, whereas some sta-
tions in Northwest China show negative high corre-
lation with NHT as seen in Fig. 9c. The correlation
coefficient between NHT and EOF 2 in temperature
and precipitation is 0.85 and 0.75, respectively.
The correlation coeflicient between EOF 2 of sum-
mer temperature and NHT is very high, while the
leading mode of winter temperature does not show a
strong correlation with NHT as discussed in subsec-
tion 4.3. Wallace et al. (1993) showed the lead-
ing EOF of wintertime 500 hPa height is closely
related to the PNA pattern while the summertime
and annual-mean 500 hPa height and thickness are
of the same polarity throughout almost the entire
hemisphere. They attributed the notable exception
in wintertime global circulation to the fact that the

PNA pattern and other regional teleconnection pat-
terns are strongest in winter. The first two modes of
winter temperature deduced in section 4 were associ-
ated with dynamical variability related to the PNA
and some other teleconnection patterns. So our re-
sult supports their idea; the relatively weak corre-
lation between the EOF 1 of winter temperature
and NHT was caused by the strong regional tele-
connections, while the strong correlation between
the EOF 2 of summer temperature and NHT was re-
flected by the same polarity throughout almost the
entire hemisphere.

5.4 Atmospheric circulation patterns associated with
summer precipitation and temperature EOFs

Figure 10 shows the correlation pattern between
the EOF 1 of summer precipitation and (a) the
500 hPa height and (b) SLP anomalies. At the
500 hPa height (Fig. 10a), a large elongated neg-
ative belt is apparent over the Eurasian Continent
centered over the Caspian Sea, which implies that
when relatively less precipitation occurs in the Cen-
tral China to Taklimakan (refer to Fig. 7a), the
height of this elongated area is lower, and is higher to
the south of it (the area from southwest of Tibetan
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(a) Summer Temperature EOF 1

M T T
—— SMR Temp.EQF 1
SMR Precip.EOF 1 ]

Score

1 1 !

|

1 i I 1

1955 1960 1965 1970 1975 1980 1985 1990

Fig. 9. Eigenvector patterns and time coefficients of the first two EOFs of summer temperature. (a) (b)
for the 1st component, and (c) (d) for the 2nd component. Details are the same as for Fig. 7. The
dotted line in (b) (d) denotes the corresponding the score of summer precipitation EOFs, namely the
dotted line in (b) is same as in Fig. 7b and in (d) as in Fig. 7d. The thin line in (d) is NHT summer,

which appeared in Fig. 5.

Plateau to Northwest China). In this situation, the
zonal wind should be more strong. In the corre-
sponding SLP correlation (Fig. 10b), a strong neg-
ative correlation is noted over central Asia, which
corresponds to the negative center of the 500 hPa
height. This correlation may be related to the ad-
vance (or retreat) of the trough over central Asia.
Over China, a strong negative correlation indicates
westward extension of Pacific High. Namely, when
less precipitation is seen over Central China and
Taklimakan Desert, the Pacific High comes more
westward.

The correlation pattern between the EOF 2 and
the 500 hPa and SLP anomalies are mapped in Figs.

10c and 10d, respectively. High positive correla-
tions are seen over the northeastern Pacific and the
Mediterranean Sea, and significant negative corre-
lations are located over the northwestern Atlantic,
both in the 500 hPa and SLP fields. A positive cor-
relation exists over the north of India only in the
500 hPa height pattern, though it is not so signif-
icant as that in SLP field. Interestingly, this com-
ponent roughly shows a wave-one type pattern in
30°N-60°N with negative values over and around
the north Atlantic Ocean through Europe and pos-
itive values over Eurasia through the northwest of
North America both in the SLP field. The correla-
tion fields between NHT in summer and the 500 hPa

NACSI| S-El ectronic Library

Service



Met eorol ogi cal

Society of Japan

December 1994

A. Yatagai and T. Yasunari 953

(¢) Summer Temperature EOF 2

45.4/
‘K\- ij{
; s “-017
SOA/
75“/

Score

Ll P I

| BRI RS EGS SR

1955 1960 1965 1970 1975 1980 1985 1990

Fig. 9. (Continued)

and SLP anomaly are identical with that of Figs.
10c and 10d, but the correlation over the Pacific are
more strong in both the 500 hPa and SLP fields than
Figs. 10c and 10d.

As discussed in Subsection 5.2, the circulation
field in summer changes from June to August. The
correlation distribution between S-JJA scores, and
each month the 500 hPa and SLP anomaly are also
examined (not shown). The second component of
the S-JJA (related to three-belt SMR EOF 1) is
mostly influenced by July and June. Thus the corre-
lation field with July score resembles Figs. 10a and
10b very well, and the correlation of June is also
similar to them but it has strong positive correla-
tion over the Pacific Ocean. On the other hand,
Fig. 10b resembles that of the August and July of
the first component of the S-JJA (related to NHT,
SMR EOF 2).

Table 3. The variances and cumulative vari-
ances of the first five EOFs of summer
temperature.

rComponent H 1 r 2 l 3 [ 4 [ 54|
Variance (%) || 30.0 | 18.6 | 13.2 | 11.5 6.4
Cumulative
Variance (%) || 30.0 | 48.6 | 61.8 | 73.3 | 79.7

6. Conclusions and remarks

We have presented the linear trends and decadal-
scale fluctuations in temperature and precipitation
in China and Mongolia for the recent 40-year period,
along with their associations with the hemispheric
atmospheric circulation patterns and the NHT.

The apparent warming trend of the annual mean

NACSI S-El ectronic

Library

Service



Met eorol ogi cal

Society of Japan

954 Journal of the Meteorological Society of Japan

3.084

3.081

Contour Interval = 0.2

Vol. 72, No. 6

3.081

\\}jé%"’\jﬁq L
),
el

1

Fig. 10. The correlation coefficients between time coefficient of the first two EOFs of summer precipita-

tion. Details are the same as for Fig. 5.

temperature was identified in North, Northeast
Northwest China and Mongolia, while a cooling
trend was seen just to the east of the Tibetan
Plateau (Southwest China). The annual mean
warming trend is remarkable in the northern part of
China, which is considered to be a part of the hemi-
spheric warming pattern (e.g., IPCC, 1990; Jones
and Briffa, 1992). The winter and spring temper-
ature trends contribute a great deal to the annual
temperature trends. In summer, a large decreasing
trend is seen over Central China and Taklimakan
Desert.

By applying EOF analysis to winter tempera-

ture to examine the time-space structure of decadal-
scale variation, two notable patterns were obtained.
The first pattern was the decadal-scale oscillation
in the same sign over the whole of China, except
the Tibetan Plateau and Southwest China. This
mode is related to decadal-scale change of the hemi-
spheric circulation, involving the pressure change
over Eurasian continent and the PNA pattern. The
second spatial pattern resembles the linear trend
pattern over China and Mongolia, with warming in
the northern part and cooling in the southern part
of study area. This mode is basically associated
with the circulation over central and eastern part
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Fig. Al. China’s present administrative units and traditional divisions.

of Eurasia and Pacific sector. These two modes of
winter temperature over China seem to be closely
related to the changes of the patterns of cold surge
from Siberia, as Yasunari and Tian (1990) have sug-
gested.

The linear and decadal-scale variation in summer
precipitation, which comprises the most part of the
annual precipitation, was related to that of temper-
ature variation in the same season. The linear trend
and the EOF 1 mode exhibits increasing precipita-
tion over Taklimakan to Yangtze River reaches, and
decreasing precipitation over Mongolia, Nei Mongo-
lia, North, South and Southwest China. The July
and June precipitation contributes strongly to this
summer (JJA) EOF 1. This three-belt pattern is
also shown in the first EOF of summer temperature,
but reversed in sign. This mode seems to be related
to the changes in atmospheric circulation anomaly
over the Eurasian continent and the extent of the
Pacific high pressure.

On the other hand, the second EOF pattern of
summer precipitation shows strong positive areas
extending to the Northeast and Central China and
to the north of Tianshan Mountains, whereas the
negative area exists in South China and Taklimakan.
The summer precipitation EOF 2 is affected by the
variation in August and July. This mode is related
to the NHT in summer and the hemispheric wave-
one type anomaly in the higher latitudes.

These results suggest the importance of regional
characteristics in the decadal-scale fluctuation when
we deal with the global warming issue. It is notewor-

thy to state that the correlation is preferentially sig-
nificant between the summertime (not wintertime)
NHT and the second EOFs of summer tempera-
ture and precipitation over China and Mongolia,
which implies that the association between the re-
cent hemispheric (wintertime) warming and the cli-
mate change over east Asia is not straightforward.
In order to validate the relation between the regional
and global climate changes, analyses based upon a
more uniformly and densely distributed global data
set, including the satellite information, will be es-
sential.
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Appendix

China’s present administrative units and
traditional divisions

There are now 30 first-level administrative units
in China including 3 of municipalities (Beijing, Tian-
jin and Shanghai).

Figure Al is drawn up on referring to Domrds
and Peng (1988) and the Atlas of Physical Geogra-
phy of China (1984). It shows the 27 provinces or
autonomous regions, and traditional divisions with
hatching, dots, etc. The eight divisions used in this
study are; Northeast China (Beidon, in Chinese),
North China (Hua bei), Central China (Hua zhong),
South China (Hua nan), Southwest China (Nanxi),
Northwest China (Xibei), Nei Mongol (Nei menggu)
and Qinghai-Xizang (Qingzang).
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